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§31. f3 = 1 Plasma Confinement by Surface 
Magnetic Field 
Watanabe, T., 
Takayama, K., Tonegawa, A., Kawamura, K., (Tokai 
Univ.) 
For magnetic confinement fusion device, core plasma 
with no magnetic field has following advantage: 
• achievement of complete MHD stability due to mag-
netic well, 
• efficient very high temperature plasma confinement 
due to no synchrotron radiation. 
Core plasma is sustained by surface magnetic field which 
is produced by pressure driven plasma current (surface 
magnetic field confinement). 
We have proposed new magnetic configuration system 
for the surface magnetic field confinement. This configu-
ration composed of coil systems with same direction cur-
rent which create no vacuum magnetic field in plasma 
region due to complete cancellation. When high tem-
perature and high density plasma is placed inside the 
coil system, surface magnetic field is produced between 
plasma and coil systems on behalf of the screening effect 
of plasma for magnetic field. 
First, we have analyzed by 1D model (Fig.1) of this sur-
face magnetic field configuration solving transport equa-
tions. 
Fig.1 1D Model for (3 = 1 plasma confinement 
by surface magnetic field. 
Magnetic field is solved from pressure balance equation. 
Transport coefficients are determined from classical pro-
cess with small anomalous constants. Radiation loss is 
included. 
We found the presence of clear threshold heating power 
level for plasma confinement. When heating power is 
lower than the threshold value, plasma cannot be con-
fined and surface magnetic field dose not appear (Fig.2). 
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Fig.2 Relation between heating power rate and 
plasma confinement. Ta and Ba are peripheral 
temperature and magnetic field intensity and 
T0 is central plasma temperature. Coil current 
position is assumed at a = ±0.5m. Particle 
supply rate P0 is fixed and small anomalous 
coefficients D ann and X ann are included. 
D ann= 0.05 M2 I SEC , Xann = 0.05 x 1020 M-l I SEC , PO = 10x!020 M-3 SEC-1 
10 
X(M) 
Fig.3 Numerical examples of 1D model equilib-
rium for the high (Q0 = 32MWfm3 , bold lines) 
and for the low (Q0 = 1.6MWfm3 thin lines) 
power heating case. Particle supply rate is fixed 
to Po = 1021 fm3 sec. Coil position is assumed 
a= ±1m. 
Axi-symmetric 2D equilibrium of (3 = 1 plasma confine-
ment by surface magnetic field are also solved numerically 
by solving Grad-Shafranov Equation. 
One of possible approach for (3 = 1 plasma confinement 
by surface magnetic field will be done by superposition of 
right handed and left handed LHD type helical coil sys-
tems. First we build up low (3 high temperature plasma 
by LHD configuration and we turn on the left handed he-
lical coils continuing plasma heating. When the current 
of right handed and left handed helical coil currents are 
balanced, complete (3 = 1 configuration will be produced. 
In this case, soft takeoff and soft landing of (3 = 1 plasma 
may be possible. 
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